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The Golden Age of Genomics

~50 Microbial Genomes have been sequenced,
at least 50 more are on the way

Yeast, C. elegans, Arabidopsis, Drosophila and other
Eukaryotic modelsarefinished or well advanced

A “working draft” of the Human Genome Sequence
IS now available, with mouse and rat to follow

Mor e than 8,000,000 ESTs are available;
mor e than 3,600,000 from humans

Scienceis built with facts as a house iswith stones —
but a collection of factsisne more a sciencethan a

heap of stonesis a house.
—JulesHenry Poincare

. Hybridization to a 19,200 Element Human Array




Microarray Expression Profiling
of Rodent M odels of Human
Disease

The Theme of our PGA:

Examining Gene/Environment I nteractionsin
Rodent Models of Human Disease Using cDNA
Microarrays to link Phenotype to Genotype

See <http://poa.tigr.org> for information, data,
tools, and Visiting Scientist program
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Challengesin HL B Research

# |dentifying appropriate models
I dentifying genesinvolved in HL B disorders
Placing these genes into relevant pathways
Separ ating genetic and environmental components

Developing an under standing of the mechanisms




) Expression Profiling: cDNA Microarrays

The Promise:

» Genome Scale Data on Gene Expression Patterns

The Challenges:

» Deduce Gene Function from Expression
* Elucidate Functional Pathways from Function and Expression

The Solutions:

N\ Microarray Overview |

!

.‘:'.
\

Microtiter Plate

Microbial
ORFs

Design PCR Primers
PCR Products

Eukaryotic
THCs

Select cDNA clon

Microarray Slide
(as many as 10,000
or mor e spotted genes)

» Development of Robust Protocols for large-scale correlation studies
* Relational Database for Data Storage

PCR Product
For each plate set,

Many different plates
many identical replicas

containing different genes

« Data Visualization and Mining Tools
* Toolsfor modeling pathways

. Microarray Overview ||
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TheBeast: Microarray Robot from I ntelligent Automation % Axon GenePix 4000B Scanner
<http://vww. i as. conr \ <http://www.axon.com/GN_GenePix4000.htm|>
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Basic Experimental Paradigm - Developmental Goals

# Toolsfor linking Genes, ESTs, cDNAS, and Sequences

Genotype

Wild Type - stressed Mutant - stressed
“ 1/ ' Novel Analysis Techniquesand Tools

Microarray Quality Control Protocols and Reagents

Environment

| Reference Sample |
4 I\

Wild Type -unstressed Mutant -unstressed

Phenotyping Pipelines

Microarray Resourcesin Mouse and Rat

Expression Profilesfor Disease Phenotypes of HL BS inter est




Developmental Goals

# Toolsfor linking Genes, ESTs, cDNAS, and Sequences

Microarray Quality Control Protocols and Reagents
Novel Analysis Techniguesand T ools

Phenotyping Pipelines

Microarray Resourcesin Mouse and Rat

Expression Profilesfor Disease Phenotypes of HL BS inter est

__1ITGR
TIGR Gene Indices | SuIEme
home page e

= www. tigr.org/tdb/tgi.shtm

43 AREEETE |

Gene Index Assembly process

ESTsfrom ;
Expressed Transcripts (ET)
TIGR ES
GenBank (dbEST) s from GenBank CDS

remove vector, poly-A, reduce
adapter,mitochondrial and redundancy
ribosomal sequence

High stringency pair-wise
comparisonsto
build Clusters

Each cluster is
assembled to obtain
Tentative Consensus

sequences (TCs)

Annotate TCs
and release

_ TheMOUSGGenelnd8X<http://vwwv.tigr.org/tdb/rrgi>




A TC Example

Ancillary Information

Annotation based on gene content

Annotation based on protein similarity searches
“Opposite End” infor mation

Linksto mapping infor mation

Linksto Tentative Orthologue Groups (TOGS)

Linksto Gene Ontology (GO) Terms (in release)
Linksto EC Numbers (in release)
Linksto completed genomic sequence (in release)

Linksto species-specific databases— M GD, RGD (in testing)

Click hereto seethelive web page at TIGR

. Can ESTs be used to identify orthologues? . Can ESTs be used to identify orthologues?

Rat-Human Mouse-Human M ouse-Rat Rat-Human Mouse-Human M ouse-Rat
Property Mean (SD) Mean (SD) Mean (SD) Property Mean (SD) Mean (SD) Mean (SD)
5UTR 5UTR
% ldentity 684 (13.00 697 (129) 845  (12.9) = % ldentity 68.4 (13.00 69.7 (129 845  (12.9)
Mutation distance K 0.486 (0.260) 0.493 (0.273) 0.212 (0.224) Mutation distance K 0.486 (0.260) 0.493 (0.273) 0.212 (0.224)

CDS CDS
% |dentity (protein) 88.0 (11.8) ({i233) (6.3 = % ldentity (protein) 88.0 (11.8) 864, (12.3) (6.3)
% ldentity (DNA) 85.9 (6.0) () 3.2 %, | dentity (DNA) 85.9 (6.0) 5.2 - (89) (3.2)
(
(

Syn. distanceK 460 (0.245) (0.169) (0.061) L Syn. distanceK 460 (0.245) 01468 (0.169) 0.061)
Nonsyn. distance K,  0.078 (0.095) (0.102) (0.040) Nonsyn. distance K, 0.078 (0.095) 0,090/ (0.102) 0.040)

3 UTR = 3 UTR

% |dentity 701 L™ ST IR) (8.9) . % Identity 701 L™ ST IeR) 863 (89)
Mutation distance K 0.435 (0.212) 0447 (0.225) (0.152) Mutation distance K 0435 (0.212) 0447 (0.225) 0164 (0.152)

Analysis of 1,880 rodent-human orthologue pairs: Analysis of 1,880 rodent-human orthologue pairs:
1,212 rat-human pairs, 1,138 mouse-human pairs, and 470 shared by all three. 1 1,212 rat-human pairs, 1,138 mouse-human pairs, and 470 shared by all three.
Makatowski and Boguski (1998) Proc. Natl. Acad. Sci. USA 95, 9407-9412 Makatowski and Boguski (1998) Proc. Natl. Acad. Sci. USA 95, 9407-9412




% Building TOGs: Reflexive, Transitive Closure The TIGR Gene IndiceS<nhttp: //ww. tigr.org. tdb/tdb/tgi.htn>
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ationshipsin TOGA

21 Species; 52 Sequences; ~21,500 nt
ice plant tomato Potato  medicago

soybean

sorghum

maize arabidopsis

wheat

rice

s_cerevisiae
zebrafish

xenopus
human

cattle

unknown function
ligand-binding 8%
1%

cell-cycle-related
2%

signal transduction
13%

metabolic enzymes
26%

translation-related
4%

ribosomal protein
16%

protein degradation
9%

chaperone
4%

/—____ general structural protein
9%

\DNA metabolism
1%

transcription and RNA
processing
4%

epresentation of 288 Human Disease Genesin TOGA

mNumber of g
@ Genes in TOGA

xenopus
zebrafish
drosophila
_elegans
arabidopsis
s_cerevisiae
sorghum
o_volvulus
s_mansoni |

c_ele
p_falciparum |
leishmania

http://www.tigr.or g/tdb/at/alignT C.html




L nks from Public Clone Setsto TGI . Linksfrom Public Clone Setsto TGl
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http://pga.tigr .or g/tools.shtml
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RESOURCERER \ 32,448 element mouse array test
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Tkara Sed B:

kidney vs. heart
15ug total RNA

Shuibang Wang, Yan Yu, Renee Gaspard

http://pga.tigr.or g/tools.shtml




¥ 13,536 element rat array test : % Spiking Test Samples with A.thaliana Control RNAS

b Spiked 2-fold change Spiked 3-fold change
\ (copies/cell) (copies/cell)
: RCA Cab rbcL LTP4 LTP6 XCP2 RPC1 NAC1 TIM PRK

i 5 30 50 150 T 5 20 50 100

A/lsp\ike‘s

Test i i Reference
RNA RNA

cDNA probe synth. & hybridize

Array
containing
DNA controls

brain vs. heart
12ug total RNA

Hong-Ying Wang, Nnenna Nwokekeh, Truong L uu
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~Assessing Sensitivity of Microarrays at 2:1 ratios :
L

- o o L . ¥ i Aatl 2256
Intra-slide variability across 6 grids: Inter-slide variability: Sspl 2138
Xmn 11933

Scal 1814 » chlorophyll a/b binding protein (Cab)
Pl 1704 i * RUBISCO activase (RCA)
Fip! 165 e pSP64 Poly(A) ! ‘ * ribulose-1,5-bisphosphate car boxylase/oxygenase

Vector

Bgll 1454 (3030bp) (RbCL)
« lipid transfer protein 4 (LTP4)
* lipid transfer protein 6 (L TP6)

Measured Fold Change

* papain-type cysteine endopeptidase (XCP2)

10/5 60/30  100/50 300/150 10/5 60/30  100/50 300/150 s e root cap 1 (RCP]_)
Spiked Fold Change (copies per cell) Spiked Fold Change (copies per cell)
*NAC1

« triosphosphate isomerase (TIM
« Rat cDNA chip e ( )

« Total RNA from rat brain and heart _ T ribulose-5-phosphate kinase (PRK ase)
« A. thaliana RNA spiking controls: CAB, RCA, rbcL, LTP4, LTP6
* Hong-Ying Wang & Renae Malek




Bad Data from Parts Unknown

Good Datafrom TREX
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Microarray Expression Analysis
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Differential
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Spot
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MAD Microbial Array Database Schema

IE.

TIGR Spotfinder L oading I mage Data

ST e

Presentation

Multiple Views

Nor malization
| dentification of Differentially Expressed Genes

Multiple Experiments




v TIGR MultiExperiment Viewer

k)
Detail view of a single slidewith links to database
fgformation about the underlying genes

-

Highlighted spotsin scatter plot track genes
being examined in the display on the left

% TIGR MultiExperiment Viewer

Accessto all theoriginal TIGR ArrayViewer

displaysand features

'i.

Wh Normalize Data?

Goal isto measureratios of gene expression levels

(ratio), = R/G;
where R/G; are, respectively , the measured intensities for theith
spot.

%

In a self-self hybridization, we would expect all ratios to be equal
to one:

R/G;=1for all i. But they may not be.
Why not?

» Unequal labeling efficienciesfor Cy3/Cy5

» Noise in the system

«Differential expression

Normalization brings (appropriate) ratios back to one.

aself va. sell hybridization

vatio) Wistogram

£
20

E 15
e

Lag(Cy3 Intensiry)




M ultiple Experiments? X Expression Vectors

# Goal isidentify genes (or experiments) which have ‘ ® Crudal concept for under standing clustering

“similar” patterns of expression

- ® Each geneisrepresented by a vector where coordinates are

\
Thisisa problem in data mining b |tsvalueslog(rat|0) in each experiment
Iog(ratlo)exptl
“Clustering Algorithms” are most widely used ' . y log(r atio)expiz
- - = log(ratio)exptS
Types s etc.
« Agglomerative: Hierarchical :
« Divisive: k-means, SOMs . ® For example, if we do six experiments,
« Others: Principal Component Analysis (PCA) ' & Gene, = (-1.2, -0.5, 0, 0.25, 0.75, 1.4)
& Gene, = (0.2, -0:5,/1:2, -0.253=10F1F5)

All depend on how one measures distance "‘l._ « Gene; = (1.2,05,0,-0.25, -0.75, -1.4)
# etc.

Distance metrics

# Distances are measured “between” expression vectors

= ® Distance metrics define the way we measur e distances

#® Many different waysto measure distance:
« Euclidean distance
« Pear son correlation coefficient(s)
« Manhattan distance
= Mutual information
« Kendall’sTau
: el C.

"*»__ #® Each hasdifferent properties and can reveal different
featuresof the data




TIGR MultiExpriment Viewer: Self Organizing M aps % TIGR MultiExperiment Viewer:Principal Component Analysis

PEA Results 30

l.".
\
‘!.
N

genvalues

Classification scheme proposed by a
Support Vector Machine




v TIGR MeV: Tracking acr 0ss experiments

Basic Experimental Paradigm

Genotype

Wild Type - stressed Mutant - stressed
I\ 4

| Reference Sample |

4 I\
Wild Type -unstressed

Environment

M utant -unstressed

Developmental Goals

#® Toolsfor linking Genes, ESTs, cDNAS, and Sequences

Microarray Quality Control Protocols and Reagents
Novel Analysis Techniguesand T ools

Phenotyping Pipelines

Microarray Resourcesin Mouse and Rat

Expression Profilesfor Disease Phenotypes of HL BS inter est

|_oops and Reference Designs

A B C D E 10 hbe Standard flip-dye expt

\%j 10 hyb S Proposed loop expt

D4—C

O new hybs Proposed loop expt with
referenceto provide
/ direct comparison with reference

D<—C

Proposed loop expt with
3 new hybs reference to show
\ / invariancew.r.t order

C<4—' D

S. Wang, J. Quackenbush, G. Chur chill




! N 10 » . .
L oops and Reference Designs vAn Activating M utation of Src at Codon 531

Resma. mambrane C-Src
Myristoylation Non-receptor tyrosine
kinase
Activated by growth factor
receptors
Wide-spread tissue
distribution
Cell growth &
differentiation
Implicated in human colon
cancer
*V-Src
Unregulated kinase
activity

S8

S

*Srch531 ai
Shuibang Wang , John Quackenbush, Gary Churchill T Elevated kin

! !
\ Soft Agar Assay

\:- 300~

- x._
\ Y \

C-Sr¢ #9 =——ee———Pp \/-SrC A

# colonies/ 5000 seeded




. S : ] Transformation Fingerprint
v Hierarchical Clustering

\

SECISbinding protein 2 MEK kinase
JAK3

A-raf
1... i Cyclin D1 N-ras
Cyclin G ERK5
CDK1 stanniocalcin p190-B
RYB-a ragB
arylsulfatase A Rho8
*HIE-1 cathepsin B Ran/TC4
N[=2%:! IGF-1 and | GF-I1 B-PAK
hSNE2H GDNFR alpha
c-jun
bcl-x apoptosis
inhibitor

FA synthase

stearyl-CoA desaturase

epoxide hydrolase

propionyl-CoA carboxylase
peroxisomal enoyl-CoA hydratase

NH Lee, RL Malek

NH Lee, RL Malek
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